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ABSTRACT
The NINA apparatus, on board the Russian satellite Resurs-01 No. 4, has been in polar orbit since

1998 July 10, at an altitude of 840 km. Its main scientiÐc task is to study the Galactic, solar, and anom-
alous components of cosmic rays in the energy interval 10È200 MeV nucleon~1. In this paper we present
a description of the instrument and its basic operating modes. Measurements of Galactic cosmic-ray
spectra will also be shown.
Subject headings : cosmic rays È space vehicles

1. INTRODUCTION

With the launch of the telescope NINA on 1998 July 10, a
wide program of satellite cosmic-ray observations began.
The program aims to study the cosmic-ray radiation in a
broad energy spectrum (from 10 to 105 MeV nucleon~1)
using a serious of dedicated satellite missions.

NINA (a New Instrument for Nuclear Analysis) has been
developed by a joint program of the Italian National Insti-
tute of Nuclear Physics (INFN) and the Moscow State
Engineering and Physics Institute (MEPhI). INFN consists
of several Italian Institutes and Universities (WiZard group)
who have carried out, together with European and Amer-
ican partners, balloon-borne experiments for the detection
of cosmic antiparticles since 1989 (Golden et al. 1994, 1996 ;
Hof et al. 1996 ; Barbiellini et al. 1996 ; Boezio et al. 1997,
1999 ; Basini et al. 1999 ; Boezio et al. 2000).

The link with the Russian counterpart was established in
1994, when the two sides started a collaboration and con-
ceived the Russian-Italian Missions (RIM), of which NINA
is the Ðrst step.

NINAÏs goal is to detect cosmic-ray nuclei of Galactic,
solar, and anomalous origin, at 1 AU, from hydrogen to
iron, between 10 and 200 MeV nucleon~1. The experiment
is carried out on board the satellite Resurs-01 No. 4, devel-
oped by the Russian space company VNIIEM. The space-
craft was launched into a polar Sun-synchronous orbit of
altitude 840 km (Casolino et al. 1999a ; Sparvoli et al. 2000).

NINA has been joined in space by a twin detector
(NINA-2), placed again in a polar orbit but at a lower
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altitude (450 km). NINA-2 is housed on board the Italian
satellite MIT A (Casolino et al. 1999b), launched on 2000
July 15 from the Plesetsk launch facility in Russia by means
of a Cosmos launcher. This second mission is intended to
last for three years.

The RIM missions will then continue with the deploy-
ment of the PAMELA magnet spectrometer, which will be
installed on board the satellite Resurs-01 No. 5 and put in
orbit at the beginning of the year 2003. The main objective
of PAMELA is to perform high-precision measurements of
antiparticle spectra (positrons and antiprotons) in the
energy range from 0.1 GeV up to 200 GeV. In addition, it
will measure electrons, protons, and the nuclear com-
ponents of cosmic rays and will search for cosmic antinuclei
(The PAMELA Collaboration 1999 ; Adriani et al. 1997).

This paper reports on the NINA mission, its scientiÐc
tasks, the organization of the detector with its ancillary
instruments, the interface with the satellite, the launch
phase, and Ðnally the performance of the telescope in Ñight.
In addition, it presents the reconstruction of the energy
spectrum of the Galactic component of 4He, 12C, and 16O
in solar quiet conditions.

2. SCIENTIFIC OVERVIEW

NINA has been built in order to investigate the nuclear
and isotopic composition of low-energy cosmic particles. Its
low-altitude polar orbit (about 1.1 Earth radii) is particu-
larly suitable for performing observations of particles of
di†erent origin while traversing regions of di†erent geomag-
netic cuto†. The EarthÏs magnetic Ðeld is utilized as a
spectrometer. According to the coordinates along the orbit

365



366 BIDOLI ET AL. Vol. 132

where the particles are detected, it is possible to make infer-
ences about their origin which can be Galactic, solar, or
anomalous.

2.1. Galactic Cosmic Rays
Galactic cosmic rays (GCRs) are a directly accessible

sample of matter coming from outside the solar system. The
GCR energy spectrum can be well represented by a power-
law energy distribution for energies above 1 GeV nucleon~1
but at lower energy shows a strong attenuation owing to the
interaction between the solar wind and the cosmic particles
(Wiedenbeck & Greiner 1980). This is one of the reasons
why GCR investigations below 200 MeV nucleon~1 have
been relatively scarce in the past.

NINA started its mission in a period of medium solar
activity ; the next solar maximum is foreseen for the year
2000. Owing to its technical characteristics and its good
energy, mass, and angular resolution, the telescope is partic-
ularly suited for exploring the low-energy component of the
cosmic radiation. The detector can record GCRs of very
low energy (from 10 up to 200 MeV nucleon~1) in the polar
sectors of the orbit, where geomagnetic e†ects are virtually
negligible.

2.2. Solar Energetic Particles
The most complete measurements of elemental abun-

dances in the solar corona come from measurements of
high-energy particles accelerated in the large solar energetic
particle (SEP) events.

Initially it was thought that the energetic particles in
large SEP events were accelerated in solar Ñares. In recent
years, however, it has become clear that in the large gradual
events particles are accelerated at shock waves that are
driven out from the Sun by coronal mass ejections (CMEs)
(Reames 1990, 1993, 1995 ; Gosling 1993 ; Reames 1998).
These shocks accelerate the ions of the chemical elements in
a fairly equivalent manner. In contrast, particles accelerated
in impulsive solar Ñares show speciÐc elemental enhance-
ments produced by resonant wave-particle interactions
during stochastic acceleration of the ions from the Ñare
plasma.

New spacecraft observations can extend solar energetic
particle measurements to heavier elements, to rarer ele-
ments, and to isotopes. NINA can perform SEP obser-
vations in the polar sectors of the orbit. Its good mass
discrimination can help in the determination of their com-
position and therefore in the comprehension of the sources
and acceleration mechanisms involved.

2.3. Anomalous Cosmic Rays
Anomalous cosmic rays (ACRs) are a low-energy com-

ponent of interplanetary particles that include the elements
H, He, C, N, O, and Ar (Klecker 1995 ; Simpson 1995). They
are now known to originate from interstellar neutral par-
ticles that have been swept into the heliosphere, ionized by
solar UV or charge exchange with the solar wind, convected
into the outer heliosphere, and then accelerated to energies
of D10 MeV nucleon~1 or more (Fisk, Kozlovsky, &
Ramaty 1974). It is commonly assumed that the bulk of
ACR acceleration takes place at the solar wind termination
shock (Pesses, Jokipii, & Eichler 1981).

The observation of the anomalous N, O, and Ne ionic
charge composition with the SAMPEX satellite (Baker et
al. 1993) conÐrmed the theoretical predictions that ACRs
are only partially charged ; more precisely, singly charged

ions dominate only at energies below D20 MeV nucleon~1
(Klecker et al. 1998), while at higher energies multiply
charged ions become more abundant.

Being only partially ionized, ACRs have a much greater
magnetic rigidity (at a given energy per nucleon) than either
GCRs, which are essentially fully stripped, or SEPs, which
have charge states characteristic of coronal temperatures.
As a result, ACRs can be observed to much lower invariant
latitude with a polar orbiting spacecraft like NINA.

3. THE NINA INSTRUMENT

NINA consists of the following four subsystems : (1) the
detector (box D1), composed of 32 silicon layers and the
electronics for signal processing ; (2) the on-board computer
(box D2), a dual microprocessor dedicated to data pro-
cessing and to the selection of the trigger and the acquisi-
tion mode conÐguration ; (3) the interface computer (box E),
which rearranges the data coming from box D2 and delivers
them to the satellite telemetry system; and (4) the power
supply (box P), which distributes the power supply to the
di†erent subsystems.

The weight and electric power of the complete telescope
are, respectively, 40 kg and 40 W, in accordance with the
constraints imposed by the satellite. To safeguard from pos-
sible malfunctions and breaks, all electronic systems are
global redundant.

The detector of NINA (box D1), manufactured by the
Italian company Laben, is composed of 16 silicon planes.
Every plane consists of a pair of n-type silicon detectors,
60 ] 60 mm2, each read out by 16 strips mounted back to
back with orthogonal orientation, in order to measure the
X and Y coordinates of the particle. The strip pitch is 3.6
mm.

The thickness of the Ðrst pair of detectors, composing the
Ðrst plane of NINA, is 150 ^ 15 km; all the others, instead,
are 380 ^ 15 km thick, for a total thickness of 11.7 mm of
silicon in the whole detector. The indetermination in the
total silicon thickness comes from the process of manufac-
turing and is greater (in percentage) for the Ðrst two thinner
layers. In order to reduce to the minimum the thickness of
dead area interposed between the silicon detectors, a special
ceramic frame, passing only under the lateral strips(Al2O3)1 and 16 and 625 km thick, has been utilized. The role of the
ceramic is to sustain the single silicon structures and
connect them mechanically and electronically, by means of
64 pins, to the corresponding mother boards. A photo of the
box D1 is shown in Figure 1.

Each plane of the detector with its electronics is mounted
on an aluminum mother board. The 16 planes are vertically
stacked (a sketch of the box D1 is visible in Fig. 2). The
interplanar distance is 1.4 cm except for the Ðrst two planes,
which are separated by 8.5 cm in order to improve the
incident particles trajectory determination. They deÐne the
angular aperture of the telescope, which is about 32¡. The
16 planes are modular, so that mechanically and elec-
tronically they are interchangeable. Below the 16 silicon
planes, another four modules, dedicated to the trigger elec-
tronics, silicon power supply, analog-digital conversion,
and FIFO, are placed.

The 20 plane structure is housed in a cylindrical alumin-
um vessel of 284 mm diameter and 480 mm height, Ðlled up
with nitrogen at 1.2 atm. The vessel is 2 mm thick, except for
a window above the Ðrst silicon plane, where it is reduced to
300 km (Fig. 2). The top part of the vessel is rounded, while
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FIG. 1.ÈPhotograph of the internal structure of box D1

the bottom part houses the connectors for the interfaces
with the other parts of the detector.

The lateral strips (1 and16) of every silicon layer are used
for the anticoincidence system (AC) ; they are read together
by the same electronic channel, except for those of plane 1,
where they are physically disconnected. A total number of
448 electronic channels, of the 512 available in the box D1,
are used for the particle track and energy information ; the
anticoincidence system data occupy an additional 30 chan-
nels, while the remaining 34 are used for housekeeping data
(16 plane currents, two temperatures, four voltages, one
threshold level, 11 rate meters at di†erent depths of the
telescope), which monitor the status of the whole instru-
ment.

The signals produced by the incoming particles in the
silicon strips are Ðrst ampliÐed and shaped. Every plane of

the telescope has two 16 channels preampliÐers. Data are
then converted to the digital format by means of a 12 bit
ADC, with a full scale of 2800 mip (1 mip being equivalent
to 30,400 electrons or about 105 keV of released energy).
The resolution per channel is thus about 0.68 mip per
channel, equivalent to 0.07 MeV per channel. There are two
independent lines going to two di†erent ADCs, for
redundancy reasons. Only one is operating at a given
moment. Before the ADC there are two gain ampliÐers that
can be selected depending on the acquisition mode : the Ðrst
provides an ampliÐcation of a factor 32 (used only for noise
tests) and the second of a factor 1 (active for normal
acquisitions).

After conversion by ADC, data (1024 bytes per event) are
sent through a FIFO to an eight-channel bus interface with
the on-board computer (box D2), built again by the company
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FIG. 2.ÈSketch of the internal structure of box D1

Laben. Here all tasks of event processing are performed
before sending the data to the interface computer (box E) for
mass memory storage.

The core of the box D2 are two 8086 microprocessors
working with a clock speed of 4 MHz. In normal conditions
both of them are operating in master-slave mode : the
master microprocessor receives the event from box D1 and
performs pedestal suppression and data reduction tasks,
while the slave is used to format the data, according to the
acquisition mode, and send them to the subsystem box E. It
also selects the trigger logic, implements the second level
trigger and interfaces most of the telecommands with the
silicon detector.

The interface computer (box E) represents the last step of
the NINA data processing before the records are sent to the
satellite for transmission, via telemetry, to ground. Two
exemplars of box E, for redundancy, have been built, both
realized by the Russian company VNIIEM. Finally the

power supply subsystem (box P), made also by VNIIEM,
has the function of electrically connecting the satellite with
its various subsystems. The primary tension comes from the
solar panels, and it is nominally 27 V (between 24 and 34 V).
Starting from this, the box P provides three di†erent ten-
sions, two for the analog part (]6 V, [6 V) and one for the
digital (]5 V), totally independent.

Further details about the instrument and its performance
during a test-beam session can be found in Bakaldin et al.
(1997) and Bidoli et al. (1999).

3.1. Operating Modes
NINA can work in di†erent operating conditions,

switched automatically or via telecommand, which a†ect
the trigger system. In particular :

1. Two thresholds for the energy deposited in the single
silicon layers have been implemented : a low threshold (L.T.),
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corresponding to 2.5 mip, and a high threshold (H.T.), corre-
sponding to 25 mip.The level of the threshold is Ðxed by
telecommand. As an alternative, a system of automatic
switching of the threshold, activated by telecommand,
switches automatically from low to high threshold when-
ever the external rate rises above 10 Hz to prevent the
memory being saturated.

2. The strips 1 and 16 of every silicon layer, except the
plane Ðrst, are used in the lateral anticoincidence
system.The hardware lateral anticoincidence can be turned
o† by telecommand, for instance in case of a malfunction of
one of the lateral strips. In this condition, a software veto
system (part of the on-line second level trigger) selects only
tracks not hitting the lateral strips. This procedure ensures
that the lateral anticoincidence rejection is always e†ective.

3. The planes 15 and 16 can be used as bottom anti-
coincidence. The default operating mode adopts plane 16,
but, in case of need, plane 15 can be selected by tele-
command.The bottom anticoincidence can be totally
removed by telecommand, allowing the detection of par-
ticles crossing the whole apparatus.

The main trigger of the acquisition system is the follow-
ing :

TRG M1\ D1x ] D1y] [(D2x ] D2y)] (D3x ] D3y)] ,

where denotes a signal above-threshold coming fromD
ijplane i, along view j (j\ x, y). The logic OR of planes 2 and

3 provides redundancy in case of a failure of plane 2.
In the default operating mode, this trigger is used

together with the lateral and bottom anticoincidence ON in
order to ensure the complete containment of the particle
inside the detector. This is the condition that allows the best
energy and nuclear discrimination to be obtained by NINA.
Moreover, TRG M1 can be used with low or high thresh-
old, deÐning two di†erent intervals of nuclei which can be
detected. In particular, TRG M1 in high threshold mode
removes most of the protons from the trigger. This is the
most frequent conÐguration adopted in orbit.

It is possible to switch, via telecommand, to a second
trigger :

TRG M2\ (D2x ] D2y)] (D3x ] D3y)] (D4x ] D4y)

] (D5x] D5y) ,

which is used again in its basic operating mode with the
lateral and bottom AC ON. This trigger, used for particular
data taking demands or in case of failure of the Ðrst plane,
increases the acceptance angle, at the expenses of a slight
worsening of the angular resolution. The combination of
TRG M2 and high threshold again excludes most of the
protons from the trigger.

The acceptance window of particles with TRG M1 in full
containment regime is shown in Table 1, for low threshold.
The spectrum of nuclei extends from hydrogen to iron in the
energy interval 10È200 MeV nucleon~1.

The Ñux of particles changes notably along the orbit. A
limit to the acquisition capability of the instrument has
been provided by organizing a system which, in high rate
conditions, enables the detector to register events in less
detail. Every 60 s the processor in box D2 calculates the rate
of particles reaching the detector, and selects one of the
following acquisition modes :

TABLE 1

ENERGY WINDOWS FOR THE MOST ABUNDANT

PARTICLES FULLY CONTAINED IN THE

DETECTOR NINA, WITH TRG M1 AND

ACQUISITION WITH LOW THRESHOLD

Energy Window
Particle Z (MeV nucleon~1)

1H . . . . . . . . . . . 1 10È48
4He . . . . . . . . . . 2 9È50
7Li . . . . . . . . . . . 3 11È54
9Be . . . . . . . . . . 4 13È65
11B . . . . . . . . . . 5 15È75
12C . . . . . . . . . . 6 17È90
14N . . . . . . . . . . 7 18È95
16O . . . . . . . . . . 8 20È103
19F . . . . . . . . . . 9 21È107
20Ne . . . . . . . . . 10 23È117
28Si . . . . . . . . . . 14 28È142
40Ca . . . . . . . . . 20 39È175
56Fe . . . . . . . . . 26 58È195

1. Full-format mode (count rate up to 10 Hz).ÈThis
mode, in which the whole event topology is recorded, is the
normal working conÐguration outside the EarthÏs radiation
belts and in particular out of the South Atlantic Anomaly
(SAA). It allows the measurement of the energy released by
the particle in each silicon detector and the storage of this
information.

mode (count rate [ 10 Hz).ÈAt high Ñuxes it is2. E1-Etotnecessary to make an optimal use of the mass memory. In
this acquisition mode, a second level trigger, driven by the
processor in D2, restricts the event acceptance and calcu-
lates the energy released in the Ðrst plane and the energyE1deposited in the whole detector by the crossing particle.EtotInstead of the whole event topology, only and areE1 Etotstored.

4. ORBIT OPERATIONS

4.1. T he Satellite Resurs-01
The class of spacecraft Resurs-01 is designed for meteoro-

logical observations, investigations of Earth natural
resources, and large- and small-scale ecological monitoring
of the terrestrial environment. Besides these tasks, the
spacecraft are also utilized for the separation and insertion
into orbit of small piggyback space vehicles.

The Resurs-01 is inserted into an almost circular Sun-
synchronous orbit, having the parameters shown in Table 2.
The launch of this class of vehicles takes place from the
Baikonur launch facility in Kazakhstan, by means of a
Zenit launcher. The total mass of the spacecraft at launch,

TABLE 2

PARAMETERS OF THE Resurs-01 No. 4 SATELLITE

Characteristic Value

Orbit inclination (deg) . . . . . . . . . . . . . . . . . . . . . . . . 98.75
Orbit period (minutes) . . . . . . . . . . . . . . . . . . . . . . . . 101.31
Eccentricity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.12] 10~3
Three-axis stabilization accuracy (deg) . . . . . . 1.0
Average orbit altitude (km) . . . . . . . . . . . . . . . . . . 840
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including the separable microsatellites, is 3200 kg. The mass
of the payload alone is 1000 kg.

The service system incorporates a power supply
(providing a voltage working range from 24 to 34 V), an
attitude control and stabilization system (which maintain
the attitude of the spacecraft in three axis), a command
radio link (designed to control the on-board instrumen-
tation by radio commands), a program-time device (which
allows the spacecraft to be in autonomous operation for 3
days), a radiotelemetry system, and an on-board time and
frequency standard (which provides stable high-frequency
and synchronous signals, and a time mark).

The instrument NINA is housed into Resurs-01 No. 4 as
shown in Figure 3. The box D1 is mounted on the top side
external to the satellite, in such a way to point always to the
zenith during the Ñight. The other boxes are located inside
the body of the satellite.

The box D1 has two external sensors to measure its tem-
perature. A heater keeps it thermal stable when switched o†.
The temperatures of E and P, and the stability of the satel-
lite power supply, are monitored on board Resurs. All these
data are merged with the satellite telemetry and sent to the
ground.

4.2. Control in Orbit
The interaction between the ground stations and NINA

during operations is driven by telecommands, which give
the possibility to activate a total of 24 commands. Some are
dedicated to operations such as power switching (ON/
OFF), data transferring, memory cleaning, and selection of
single or dual microprocessor model. The others act on the
trigger logic or on the acquisition model, as illustrated pre-
viously. The transmission of speciÐc telecommands can be
performed when the satellite passes over the ground sta-

FIG. 3.ÈLocation of the various subsystems of NINAÈD1, D2, E, and
PÈon the satellite Resurs.

tions. A response packet with the status of the telecommand
settings is sent to Earth each time a change in the command
bu†er has occurred.

The default telecommand set initializes the acquisition
with TRG M1, automatic switching between low and high
threshold enabled, lateral strips and bottom plane in anti-
coincidence, and automatically switching of the acquisition
mode from full-format to according to the countE1-Etot,rate. However, it is possible to set any combination of
trigger logic, threshold level, anticoincidence, and acquisi-
tion mode by telecommand. After 2 months of operation,
we switched the acquisition to high threshold mode, in
order to focus our analysis on high-Z particles.

A special on-board device allows preprogrammed com-
binations of telecommands, acting automatically in speciÐc
points of the orbit. These combinations permit, for instance,
electronic calibration procedures to be performed over the
equatorial regions (where the count rate is low) or to stop
the data acquisition in sectors of the orbit with very high
count rates.

The average volume of data that NINA transfers from
the satellite to ground is 2 MB day~1, corresponding to
more than 20,000 events. NINA has a 16 MB mass memory
available in the on-board memory storage. Since the
average mass memory occupation in solar quiet periods and
outside the South Atlantic Anomaly is around 1.5 MB
day~1, there is the possibility to accumulate data for a few
days or during solar events, for a subsequent transmission.

5. DETECTOR PERFORMANCE IN ORBIT

The launch of NINA took place on 1998 July 10. The
transmission of its scientiÐc data started on August 31, after
an initial period needed for stabilization of the orbit and
overall checks of the satellite functionality. The analysis of
the Ðrst sample of data received showed that the instrument
performed well and conÐrmed the functionality of the whole
system.

During one orbit the satellite has a day-night cycle
according to its position with respect to the Earth and the
Sun. Two of the 34 housekeeping data available on NINA
give internal temperatures sampled at two di†erent heights
inside the detector. We measured the behavior of the two
temperatures in orbit. The excursion of their values between
light and shadow was less than 1¡, as required in the con-
struction phase.

Important information about the status of the detector is
provided by the rate meters, which are also part of the
housekeeping sector. These are indicators of the particle
Ñux impinging on di†erent planes of box D1, which is a
function of the orbit of the satellite. Low- and high-Ñux rate
meters are implemented at di†erent heights inside the tele-
scope. In case of intense Ñux, the high-rate meters section
provides information while the low-rate meters may satu-
rate.

Figure 4 shows the behavior of the low-rate meter imple-
mented on plane 6 during one typical orbit. The count rate
is given in hertz, with the saturation value at about 420 Hz.
From the picture one can easily follow the path of the satel-
lite through the di†erent regions of the EarthÏs magneto-
sphere. In particular, it can be seen how the Ñux increases at
the poles with respect to the equator because at high lati-
tudes the terrestrial magnetic Ðeld does not e†ectively
prevent low-energy particles from approaching the Earth.
The spikes visible near the poles are due to low-energy
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FIG. 4.ÈLow rate meter count rate (at plane 6) as a function of time.
The two black vertical arrows deÐne one satellite orbit.

electrons that Ðll the outer radiation belt. In the South
Atlantic Anomaly the magnetic Ðeld has a local minimum,
and thus the low-energy proton Ñux reaches very high
levels. This is clearly evident by the saturation of the rate
meter counter.

We have examined the stability of some important pa-
rameters of the detector with time, during the Ðrst 6 months
of life of the detector. The pedestal values remained stable
within 1 ADC channel from 1998 October until 1999
March. The same holds for the voltages, the threshold
values, and the temperatures.

6. GALACTIC COSMIC-RAY MEASUREMENTS

As mentioned before, after the Ðrst 2 months of oper-
ation, NINAÏs activity was focused on the detection of par-
ticles heavier than hydrogen. In ° 6.1 we discuss the track
selection algorithm for Z[ 1 particles that we utilized to
calculate the GCR Ñuxes of 4He, 12C, and 16O, which are
shown in ° 6.3. The algorithm of isotope identiÐcation and
the performance of mass discrimination of NINA in orbit
are presented in ° 6.2.

6.1. T he Track Selection Algorithm
The optimal performance of NINA in terms of charge,

mass, and energy determination is achieved by requesting
the full containment of a particle inside the detector, using
the lateral and bottom anticoincidence system as a veto. In
order to reject upward-moving particles, tracks accompa-
nied by nuclear interactions, and events consisting of two
and more tracks, an o†-line track selection algorithm for
the data analysis is needed.

The selection algorithm for nuclei with Z[ 1, imple-
mented for the analysis of NINA Ñight data, applies six
rejection criteria :

1. Real particles moving downward and stopping inside
the detector have an energy deposition that increases along
the track. It is natural, therefore, to request tracks to
deposit in each view a quantity of energy greater than in the
previous one multiplied by a constant which takes intoK1,account the energy Ñuctuations. If

E(i)\ K1] E(i[ 1) ,

for any i in the range from the second crossed view to the
one with the maximum deposit of energy, the event is reject-
ed.

2. In order to clean the data sample from particles with
nuclear interactions, two energies for each track are calcu-
lated :

of the energies released by the particle fromEtrack\sum
the Ðrst hit view to the view following the one with the
maximum deposit of energy.

amount of energy left in all the remainingEresidual\total
layers.
The two energies are compared and events with

Eresidual[ K2] Etrack ,

where is a parameter to be optimized, are rejected.K23. Double tracks are eliminated estimating two energies
for each crossed view i along the particle path :

of energy released in the strip with theEcluster(i)\sum
maximum deposit of energy and in the two nearest strips.

of the energy released in the other strips ofEnoise(i)\sum
the silicon layer.
If

Enoise(i) [ K3] Ecluster(i) ,

for any of the i crossed views and where has to be Ðxed,K3the event is rejected.
4. Events with the maximum deposit of energy in the Ðrst

view are rejected. This criterion, together with condition 1,
selects downward-moving particles.

5. Events in which the maximum energy release in the X
view and in the Y view are not in the same or between
consecutive detector planes are rejected. This request helps
Ðltering double tracks.

6. In order to reduce the number of particles that leave
the detector through the space between planes, events that
release the maximum of the energy deposit per silicon layer
in the strips 2 or 15, for any of the crossed layers, are reject-
ed.

To apply this algorithm to the data collected in orbit it
was necessary to choose the and coefficients inK1, K2, K3such a way to clean the data sample efficiently from the
background, minimizing at the same time the number of
good events rejected.

In order to optimize these values we utilized samples of
di†erent types of particles, obtained from a beam test
session at GSI in 1997 (Bidoli et al. 1999), as well as Ñight
data.

If we deÐne as efficiency v the value v\ [1[ (N. rejected
good events/N. good events)], the best optimization of the

and values that we achievedK1, K2, K3 (K1\ 0.7, K2 \
and determined an efficiency equal to0.01, K3\ 0.01)

v\ 0.975^ 0.003 for all particles with Z[ 1.

6.2. Isotope IdentiÐcation
Charge and mass identiÐcation procedures may be

applied to the events that survive the track selection algo-
rithm.

The mass M and the charge Z of the particles are calcu-
lated in parallel by two methods, in order to have a more
precise particle recognition :

1. T he method of the residual range (Baker et al. 1993 ;
Hasebe et al. 1993 ; Sparvoli et al. 1997 ; Bidoli et al. 1999).In
this method, the charge Z is estimated by means of the
product Here is the energy released by theE1 ] Etot. E1particles in the Ðrst silicon detector (two layers) of the tower
NINA, and is the total energy released in the wholeEtotinstrument. Figure 5 shows the versus curves ofE1 E tot
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FIG. 5.ÈDistribution of the energy released in the Ðrst plane and(E1)the total energy detected for particles produced in the fragmentation(Etot)of 12C at GSI.

particles resulting from the fragmentation of 12C by means
of a polyethylene target, obtained during a beam test of
NINA (Bidoli et al. 1999). The nuclear families lie on di†er-
ent hyperbolas the charge Z is iden-E1] Etot\ k(Z2).Once
tiÐed by its hyperbole, the mass of the particle isE1 [ Etotevaluated by applying the following formula :

M \
Ga[Etotb [ (Etot [ *E)b]

Z2*x
H1@(b~1)

, (1)

where *E is the energy lost by the particle in a thickness *x
measured starting from the Ðrst plane, and the parameter a
is a constant depending on the medium and b has a value
between 1.5 and 1.8 in NINAÏs energy range. A precise
evaluation of such parameters for each atomic species has
been obtained both from real and simulated data.

2. T he method of the approximation to the Bethe-Bloch
theoretical curve.With this second method we estimate the
mass M and charge Z of the particle by minimizing the
following s2 quantity :

s2\ ;
i/1

N
[W

i
(*E

i
real[ *E

i
theor)]2 , (2)

where is the energy released by the particle in the ith*E
i
real

view, is the corresponding expected value, is the*E
i
theor W

iweight for every di†erence and the sum isW
i
\ 1/*E

i
real,

extended to the N silicon layers activated by the particle,
excluding the last one where the particle stops and the Ñuc-
tuations of the energy deposits are generally very big. In
order to build such a function, it is necessary to follow step
by step the particleÏs path, calculating the scattering angles

at every layer. This method takes into account also the
energy losses in dead layers, thus preventing systematic
shifts on the reconstructed masses.

For a complete rejection of the background, only par-
ticles with the same Ðnal identiÐcation given by the two
methods are selected. Finally, a cross-check between the
real range of the particle in the detector and the expected
value according to simulation is a consistency test for the
event.

In Figure 6 the reconstructed masses using equation (1)
for helium isotopes detected in orbit are compared to the
ones obtained from the test-beam data ; the sample of par-
ticles in orbit has been selected during passages over the
polar caps and in periods of quiet solar activity. The Ðgure
shows that the mass resolution of NINA in Ñight is in good
agreement with the measurements performed at GSI.

6.3. Determination of Fluxes
The analysis presented in this section refers to particles

registered by NINA in the solar quiet period 1998
DecemberÈ1999 March, detected in high threshold mode
and TRG M1 acquisition. In order to select a sample of
pure low-energy (E[ 10 MeV nucleon~1) primary cosmic
rays and to avoid the distortions induced by the EarthÏs
magnetic Ðeld, only particles registered at a value of L-
shell[ 6 (L geomagnetic shell) were chosen.

In order to estimate the cosmic-ray Ñuxes, it is also neces-
sary to know the geometric factor of the instrument as a
function of energy and the exposure time in orbit. A correc-
tion factor can then be applied to account for energy loss in
the aluminum window.

FIG. 6.ÈMass distribution, as given by eq. (1), of a sample of helium
isotopes collected by NINA in orbit (top) and during the beam test session
at GSI (bottom).
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The geometric factor of the instrument was calculated by
means of Monte Carlo simulations based on the CERN-
GEANT code (Brun et al. 1994). Each simulated track
underwent the trigger conditions (TRG M1 or TRG M2),
with the lateral and bottom anticoincidences ON, both for
low and high threshold mode. Figure 7 presents the geomet-
ric factor G of NINA for 4He, 12C, and 16O in high thresh-
old mode over the energy intervals deÐned by the trigger
and the selection conditions explained before.

The incoming energy of the particles was reconstructed
by an iterative algorithm, which is based on the Bethe-
Bloch formula. The algorithm works this way : as a Ðrst
step, the total energy is taken as initial energy of theEtot Einparticle ; with this value of initial energy, all energies depos-
ited in every layer along the particle track (namely the alu-
minum window, the silicon detectors, and the intergap
volumes of nitrogen) are calculated, and the expected value
of the total energy deposited in the silicon estimated.Etotexp

The value of is then compared with If theirEtotexp Etot.di†erence is greater than 0.1 MeV we deÐne a new initial
energy as where is an incrementalEin\ Etotexp] Estep, Estepstep energy Ðxed according to the precision that we want to
reach, and perform a new iteration. When Ðnally the condi-
tion

Etot[ Etotexp¹ 0.1 MeV

is fulÐlled, the algorithm stops and the initial energy of the
particle is identiÐed.

The di†erential energy spectra were then determined by
the following formula :

Flux(E)\ *N(E)
T vG(E)*E

,

where *N(E) is the number of detected particles with energy
between E and E] *E, T is the exposure time in orbit for
the period under consideration, v is efficiency of track selec-
tion discussed above (0.975 for nuclei with Z[ 1), G(E) is
the average value of the geometrical factor between E and
E] *E, and *E is the energy bin chosen to plot the Ñux.

Figures 8, 9, and 10 present, respectively, the di†erential
energy spectra for 4He, 12C, and 16O, measured by NINA
in the solar quiet period 1998 DecemberÈ1999 March.
Errors due to energy resolution are negligible since the
energy resolution for NINA is better than 1 MeV

FIG. 7.ÈGeometric factor G of NINA for 4He, 12C, and 16O in high
threshold mode.

FIG. 8.ÈDi†erential energy spectrum for 4He in the solar quiet period
1998 DecemberÈ1999 March measured by NINA, together with data of
SIS on board ACE.

nucleon~1, which is much less than the width of the energy
bins in the Ñux plots.

In Figure 8 NINA Ñux of 4He is plotted together with the
results from the mission SIS on ACE, about in the same
period of observation. Data from SIS on ACE2 belong to a
cycle of 27 days from 1999 February 6 to 1999 March 4 and
are the sum of 3He and 4He; errors are statistic plus system-
atic.

There is a general agreement among the two sets of
results. However, there are di†erences between the results of
NINA and SIS, which can be attributed to the di†erent time
period (since the Ñux of helium is known to change signiÐ-
cantly over the months) and to the fact that the SIS Ñux
include also 3He.

In Figures 9 and 10 the NINA di†erential energy spectra
of respectively 12C and 16O are plotted together with results
from the missions SIS and CRIS on ACE, both referred to
the period 1999 February 6 to 1999 March 4. The Ñuxes

2 http ://www.srl.caltech.edu/ACE/ASC/level2.
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FIG. 9.ÈDi†erential energy spectrum for 12C in the solar quiet period
December 1998ÈMarch 1999 measured by NINA, together with data of
SIS and CRIS on board ACE.

measured on board NINA are in very good agreement with
the ones on ACE.

7. CONCLUSIONS

The space telescope NINA, launched in 1998, is a silicon
detector devoted to the study of cosmic rays of Galactic,
solar, and anomalous origin in the energy range 10È200
MeV nucleon~1 at 1 AU. It is capable of nuclear identiÐca-
tion up to iron and isotopic discrimination up to nitrogen,
allowing important space physics issues, such as the com-
position and energy spectra of cosmic-ray particles, to be
addressed.

The Ðrst months of data analysis conÐrmed that the
instrument is working properly in space ; the overall per-
formances of the detector are in good agreement with
expectations, and, in particular, the mass resolution capa-
bility reached by NINA in space reproduces the one
obtained in a beam test session.

The energy spectra of Galactic 4He, 12C, and 16O mea-
sured by NINA at 1 AU have been determined. The

FIG. 10.ÈDi†erential energy spectrum for 16O in the solar quiet period
1998 DecemberÈ1999 March measured by NINA, together with data of
SIS and CRIS on board ACE.

analysis of the Galactic ratio 3He/4He together with the
abundance ratio of the isotopes of hydrogen is in progress,
as well as the study of the composition and energy spectra
of SEP and ACR particles.

The measurements performed by NINA are important in
view of the second mission NINA-2 which will complement
the observations of NINA extending its lifetime to cover a
complete solar cycle. The addition of PAMELA (The
PAMELA Collaboration 1999 ; Adriani et al. 1997) will
allow the extension of cosmic-ray observations to energies
greater than 200 GeV.
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